Record Linkage in Studies of Cerebrovascular Disease in Oxford, England • Data collected by record linkage are used as a basis for an analysis of the burden of cerebrovascular diseases in a population of 340,000 in central England. Comparison with studies which use other methods in the United States and England indicate that for all cerebrovascular diseases together, and for subarachnoid hemorrhage, the assumptions underlying the analysis may have reflected the overall incidence of and survival from serious disease in Oxford reasonably accurately, but this may not be true for two individual rubrics, cerebral hemorrhage and infarction. Criticisms made of this conclusion in the recent literature are discussed. The system in its present state does not permit the study of transient ischemic attacks. Data shown here and elsewhere indicate that subarachnoid hemorrhage is the most reliable of the stroke diagnoses, and the Oxford data show reasonable consistency with others gathered elsewhere using other methods. It would appear that there are considerable age-specific and sex-specific differences for subarachnoid hemorrhage in terms of incidence and survival. Attention is drawn to the extent to which cerebrovascular disease occurs in people under age 65 years.
Introduction

RECORD LINKAGE
• Record linkage has received a good deal of publicity in recent years. This is not because it is new (indeed it is nearly half a century since the concept was first developed by Greenwood) but because modern electronic data-processing techniques have made it feasible on a large scale. The concept is that each person, as he goes through his life, leaves behind him a series of separate pieces of information which, were they pieced together, ' Professor of Epidemiology, Yale University School of Medicine, New Haven, Connecticut, 06510. fOxford Record Linkage Study, Old Road, Headington, Oxford.
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would paint a complete history of his health and that of his immediate family. These pieces of information come from two different sources: his birth, marriage and death certificates, which are collected by the local government, and his more detailed health records, which are put together by a variety of individuals and agencies, including hospitals, industry, his private physician and insurance companies. More can be achieved from the linking together of these records than compiling the health history of individuals. If a population is defined and information of this kind is obtained for all the people in that population, then it becomes possible to examine the epidemiology of the diseases to which that population is prone as well as to study the use of medical services made by people with those diseases. In this paper we attempt to draw conclusions about the epidemiology of debilitating cerebrovascular dis- ease, and the demands it makes on medical services.
In 1962, Donald Acheson undertook a pioneer study of the feasibility of this system in Oxford, England.
1 For the first three years of his investigation he confined his attention to the city of Oxford and to the surrounding countryside, almost all of it in Oxfordshire. The population with which he was concerned at that time was a little less than 340,000; details of this by age and sex are shown in table 1. For the purposes of the present report, we are concerned first with hospital records which bore the discharge diagnosis of cerebrovascular disease and which were obtained from the 29 hospitals in the area, and second with death certificates bearing the diagnosis cerebrovascular disease. The latter were collected by the local governments of Oxford City, Oxfordshire and Berkshire.
As table 2 shows, during the year 1963, 391 people were discharged from the hospital with the diagnosis of cerebrovascular disease. In addition, however, there were 239 people whose deaths were attributed to this cause, but who were not admitted to a hospital for any reason during that year. The distribution of these two groups is shown by the four pertinent rubrics of the seventh revision of the International Classification of Disease in table 2.
Of the 391 people discharged from the hospital during 1963, 214 died within 12 months of admission. In many instances, however, the certified cause of their death was not cerebrovascular disease. On the other hand, there was another group who had been in a hospital during the same year for a disease other than cerebrovascular accident, yet were considered by the certifier to have died of this cause. Further details of such changes in diagnosis are given in tables 3 and 4, each of which contain information for the two years 1963 and 1964. 
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•Hospital discharge includes all cases in which cerebrovascular disease was a diagnosis on the hospital discharge sheet whether or not, in those who died, this diagnosis was considered to be the underlying cause of death.
tA "home death" in this study is a person who died outside a hospital in 1963 from cerebrovascular disease, and who had not been discharged from a hospital during that year with that diagnosis. ICD 334 (other and ill-defined forms of stroke) was the most likely to change. Table 4 considers the people who were in the hospital during the two years for a reason other than a stroke, who died subsequently, and whose death was thought to be caused by a stroke. Because of the similarities in the total numbers of these two tables and the similarities in the proportion in whom the diagnosis did change, it was decided to assume the two cancelled each other out and, for purposes of estimating the incidence of cerebrovascular disease in the general population, no attempts were made at correcting either the hospital morbidity or the mortality rate for changes in diagnosis.
In an attempt to relate the available data to the general population at risk, these other assumptions were made. First, it is improbable that transient ischemic attacks would gain admission to the hospital; thus, cases included here must have developed signs which lasted for some days.* Next, since the "home deaths" occurred in people who had not been in a hospital during the year of study, these could be added to the hospital discharge data. This gave a total of 630 new cases during 1963. The third and last assumption was that the reason that people had a disease as serious as a stroke which killed them, yet were not admitted to a hospital, was that they died in less than a month. On this basis it was possible to make
•There was no method of identifying the cases so mild that the person neither died nor was admitted to the hospital. Comparison with data collected by Joan Acheson, 3 to be discussed below, indicates that inclusion of these might increase the incidence rates for cerebral ischemia by about fivefold or all age groups combined, though the difference tends to be greater than this among the middle-aged and less among the elderly.
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estimates of both incidence and survival by ICD rubric, age and sex.
Results
Estimates of survival are given in table 5 and those of incidence in table 6. These tabulations are presented in such a way that they can be compared directly with the data collected in Middlesex County, Connecticut, by Eisenberg et al., 4 who were concerned with patients whose physical signs lasted at least 48 hours. The data in tables 5 and 6 show some interesting differences between the sexes for cerebrovascular disease. While the male and female mortality patterns are similar, there is a tendency for incidence to be higher in middleaged and older women than in middle-aged and older men. Moreover, it can be seen that the survival from subarachnoid hemorrhage (ICD 330) is consistently longer in women than in men.
Some information on bed usage by sex and marital status for all forms of cerebrovascular disease combined is given in table 7. However, it can be seen that there is little difference in duration of hospitalization per person per year among single people. Among the married, there is a tendency for women to be hospitalized a good deal longer than men. If an attempt is made to subdivide the married by age, the numbers become very small. The indications are that between the ages of 45 and 64 a married woman will spend twice as many days in the hospital with her stroke than a married man. One must assume that this difference can be ascribed to social reasons. While the middle-aged married woman can look after her convalescing husband at home, the man of the same age must go out and earn his living while his wife blocks a hospital bed. Table 8 gives some information about hospital usage by social class in males using the Registrar General's Qassification, in which class 1 consists of professional people and class 5 unskilled laborers. 8 The other three classes are intermediate, and all five are graded according to probable income and general standard of living. The same tabulation is not attempted for women because meaningful social classification for them is much more difficult. Some are employed and some are not, and the standard of living of all of them depends as much upon their husband's occupation as on their own. It can be seen that in males there is no consistent pattern of hospital usage by social class, although the duration of stay may be a little shorter in class 1.
The last point to which we will draw attention is the extent to which cerebrovascular disease presents a problem in persons under 65 years. Three different approaches to answering this problem are shown in figure 1. It can be seen that if mortality data are considered, 20% of men and 14% of women come into this category. These proportions are closely similar to those which can be calculated from the United States Mortality Statistics. 6 ' 7 If bed days in a hospital are used as a measure of morbidity the pattern changes; the morbidity in men rises to 35% and in women falls to 11%. If, however, the number of persons admitted to a hospital from the defined population is used as a basis for the calculation, the proportions rise in both sexes; in men 41 % are under 65 and in women the proportion is 30%. Table 9 gives the percentages by diagnosis of people under 65 for the sexes combined. It can be seen that the largest proportion is to be found among the people with subarachnoid hemorrhage (ICD 330), but that the largest contribution in numbers is to be found among people with cerebral hemorrhage (ICD 331). Between them, these two diagnoses make up 43% of all persons admitted who were less than 65 years.
Discussion
COMPARISON WITH OTHER STUDIES
In another report, 8 the present findings are compared in detail with the survey of Middlesex County, Connecticut, by Eisenberg and his colleagues. 4 The general estimates of incidence for all strokes were shown to be almost identical in women in the two popula- The estimated age-specific and sex-specific incidence rates for all types of cerebrovascular accident tions, but all strokes were less frequent in the Oxford men at all ages. Within the specific rubrics 331 and 332 there were greater differences, which could, in part, be ascribed to differing methods of classification and diagsis in the two studies. As for figure 2-cerebral a greater preference to be cared for by the family physician than have the English, 12 and partly because Cochrane himself has been influential in encouraging the home care of such serious conditions as coronary heart disease.
A second reason for our belief that our assumptions, in the Oxford area at least, have helped us to obtain a reasonably accurate picture of the epidemiology of stroke is that our estimates of the survival patterns for all strokes together are almost identical with actual survival rates computed by Eisenberg and his colleagues. 4 Survival, of course, measures a different aspect of natural history of disease from incidence.
Dr. John Fry, 18 ' 14 a general practitioner in Beckenham, Kent, who makes a special point of trying to manage his cases himself with the aid of diagnostic services, has cared for 224 persons with stroke over the past 20 years. Of these, 61 patients (27%) had signs and symptoms lasting more than two days, survived more than a month, yet never visited a hospital.
Neither Comparison between estimated age-specific and sexspecific incidence rates for Oxford, England, and actual rates in Rochester, Minnesota (logarithmic scale). ' 8 for there is presently no way of knowing whether they can be ascribed to diagnostic practice or whether they are a true reflection of epidemiology.
SUBARACHNOID HEMORRHAGE
Various aspects of the data for subarachnoid hemorrhage are of interest. To begin with, the Oxford data show a clear difference between the sexes in both incidence and survival (see tables 5 and 6); although middle-aged women are more likely to suffer subarachnoid hemorrhage than middle-aged men, they are also more likely to survive it.
Similarities are reported from Stoke-onTrent 17 where the crude incidence rate for women was higher than for men, but the opposite was true of the crude death rates. Moreover, the mean age at incidence was higher in women than in men. Crawford and Sarner 18 also report a higher death rate in men than women in a study of middle-aged patients with subarachnoid hemorrhage in Surrey, England. Despite the tiny numbers in the
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Rochester study, 17 it would seem that the incidence data there follow a similar pattern (see fig. 5 ). Small numbers make sex-specific survival comparisons between Oxford and Rochester impossible, and no such data are available for Stoke-on-Trent; however, for sexes together, the one-year survival rates of 31 % in Rochester for nine survivors and 43 % for 22 survivors in Oxford are broadly similar to each other. The Oxford follow-up period is not long enough to permit comparison with Keller's five-year survival figure of 40% for veterans from the U. S. Armed Forces. 19 The Rochester figure for five years is 27%, and it seems most unlikely that the mortality in Oxford in the second through the fifth year would have been as low as 3%. Therefore, Keller's five-year survival seems high and it may be that some of his potential study population died before reaching a V. A. hospital.
